INTRODUCTION
Thiram belongs to the ethylene bisdithiocarbamate (EBDC) chemical class. The EBDCs are fungicides used to prevent crop damage in the field and to protect harvested crops from deterioration in storage or transport (National Institute of Safety and Health (NIOSH), 1986) . Thiram is used as seeds, fruit, vegetable, ornamental and turf crops protectant from a variety of fungal diseases. It is also used as an animal repellent to protect fruit trees and ornamentals from damage by rabbits, rodents and deer. In Sudan Thiram (TMTD 25 D) was introduced in the year 1976 for the control of loose and covered smuts, dampingoff diseases and as a seed protectant during storage periods. Thiram is moderately toxic by ingestion, but it is highly toxic if inhaled. Acute exposure in humans may cause headaches, dizziness, fatigue, nausea, diarrhea and other gastrointestinal complaints. Also drowsiness, confusion, incoordination, slurred speech and weakness. Repeated or prolonged exposure to Thiram can also cause allergic reactions such as dermatitis, watery eyes, sensitivity to light and conjunctivitis ((Hayes and Laws, 1990 ; U.S. National Library of Medicine, 1995) . All of the EBDC pesticides can be degraded or metabolized into ethylenethiourea (ETU), which has been classified as a probable human carcinogen by EPA (U.S. EPA, 1992 (March 2)).
Microbial degradation is an important step in the disappearance and, in most cases detoxification of pesticides. Many soil applied pesticides are degraded more rapidly following repeated application at the same site (Kauffman, 1987; Racke and Coats, 1990) . It is well known that fungicides which are not easily degradable have the greatest effects on microbes. These types of pesticides, adversely affect fungi and bacteria which may lead to the break down of food chains and consequently the disturbance of the natural balance (Shirkot and Gupta, 1985; Shirkot et al, 1990) . The indiscriminate use of pesticides may aggravate a disease situation rather than control it. This is a common occurrence with fungicides, which are usually applied to soil at high rates. Odeyemi and Alexander (1977) reported that treatment of legume seeds with Thiram, Spergon and Phygon before rhizobial inoculation decreased the weight of plants and nitrogen fixation considerably. Some factors, like temperature and humidity influence pesticides effect on microorganisms. The inhibitory effect of pesticides on the growth of bacteria and actinomycetes was reported to be at high temperatures (Klinsari, 1983) . Thiram degrades by microbial action or by hydrolysis more rapidly in acidic soils and in soils high in organic matter. In a humus sandy soil, at pH 3.5, Thiram decomposed after 4 to 5 weeks, while at pH 7.0, Thiram decomposed after 14 to 15 weeks. Thiram persisted for over two months in sandy soils, but disappeared within one week from a compost soil. The major metabolites of Thiram in the soil are copper dimethyl-dithiocarbamate, dithiocarbamate, dimethylamine and carbon disulfide. Minor degradative products included nitrite ions (nitrate reduction) and dimethylnitrosamine (Ayanaba et al., 1973) . Richardson (1954) reported more than 95% conversion of Thiram to metabolites by soil microorganisms after 55 days of incubation. The harmful effects of pesticides are generally studied for many communities and individuals in the ecosystem, but very few studies were devoted for investigating the effects of soil microorganisms on the degradation of pesticides in soil. Moreover, results of these few studies (Zincheno et al., 1974 and Kruglov, 1991) revealed fluctuating results.
MATERIALS AND METHODS

Effect
of Fungicide Thiram on Soil Microorganisms : Soil samples were collected from El Geraif, East of Khartoum where there is no history of pesticides application. Auger samples were randomly taken at 10 cm depth from different parts in the selected site. Large clods in each sample were crushed to a uniform reasonable size, mixed thoroughly to make a composite sample and airdried at room temperature. Some characteristics of the soil were determined according to the methods described in Ryan et al. (1996) . The soil used in this study was heavy clay containing 52% clay, 47% silt, 1% sand and 0.1834% total N, 0.00034% P 2 O 5 , 0.027% K 2 O, 0.36018% O.C, 0.62095% O.M at pH 7.8.
The soil was then divided into 600 g lots and each lot was transferred into 1000 ml beaker, wetted with water to 60% field capacity and a specific Thiram concentration was then added to each beaker. Thiram concentrations (mg/g soil) used were: 0, 0.0228, 0.0457, 0.0913, 0.1827 and 0.4567.
Beakers were then incubated in the dark for 18 weeks. A control set to which no pesticide has been added was prepared, following the same procedure, for comparison. At zero time and then at 2, 4, 8, 10, 13 and 18 weeks, soil samples were taken for viable counts on four different media which were prepared by dissolving the ingredients of each (g) in one litre of distilled water as follows (Tepper et al., 1993) ). One ml of this dilution was carefully transferred by a micropipette to 9 ml of sterilized distilled water to give the second dilution (10 -2 ). The third to the ninth dilutions (10 -3 -10 -9 ) were prepared in a similar way. One ml inoculum from each of dilution 10 -8 and 10 -9
were transferred to the agar surface of MPA, SAA and NA plates. Similarly one ml inoculum from each of dilutions 10 -3 and 10 -4 were transferred and spreaded over CZA plates. In each case, the inoculum was spreaded on top of the agar surface using sterilized glass spreaders and the plates were incubated at 28°C. The periods of incubation were two days for MPA, Three days for CZA, 10 days for SAA and 7 days for NA medium. At the end of the incubation period, the number of bacterial/ fungal colonies were counted and viable counts were calculated as follows:
On MPA, CZA and SAA, viable counts were determined according to the formula: N = a.d as suggested by Tepper et al. (1993) . Wt.V Where: N = Number of colonies /g dry soil. a = Average number of colonies. d = Dilution factor. V = Volume of inoculum spreaded in Petri dish. Wt = Dry weight of soil sample (g). Viable counts on NA plates were determined under stereo microscope using the formula: N = ∑ a.100.h according to Tepper et al. (1993) . n.CB.v Where: N = Number of colonies / g dry soil. ∑a = Average number of colonies. h = The dilution factor. n = Number of looks. CB = Dry weight of soil sample (g). v = Volume of inoculum spreaded in Petri dish. 251.8328 = Constant for objective (45X).
Determination of Thiram Residues in Soil:
Ten grams of Thiram -wetted soil were transferred into a 250 ml conical flask and 50 ml Acetonitrile (HPLC grade) were added to it. The contents were vigorously shaken for 15 minutes and 20 μl were transferred and injected into the chromatograph (Waters, USA) with UV detector. Other conditions were as follows: column: Lichromosorb RPC 18 (25 cm x 3.9-mm-ID stainless steel), column temperature 25°C, mobile phase: 60% acetonitrile: 40% water, injection volume: 20 μl, Mobile phase flow rate 1 ml/min, detection: UV at 254 nm (1-cm cell), retention time: 3.8 min, Calibration: standard solutions of Thiram in acetonitrile. Residues of Thiram were determined at zero time and then at 2, 4, 8, 10, 13 and 18 weeks.
Half -life of Thiram in Soil:
Residues of Thiram in soil after 18 weeks of incubation were used to calculate the half -life of the fungicide using the following equation as suggested by Müller et al. (2006) :
T 1/2 = The half -life. K = The degradation rate constant.
The degradation rate constant can be calculated with the following equation: K = 2.303 log (C 0 /C t ) t Where:
C 0 = The initial concentration (ppm). C t = The concentration at time t (ppm).
RESULTS AND DISCUSSIONS
Effect of Thiram on Organic Nitrogen using Bacteria: Inhibition or increment percentages in the numbers of organic nitrogen using bacteria by different Thiram concentrations in soil incubated at 25ºC is shown in Fig 1. It is obvious that, different concentrations of Thiram have stimulated the growth of organic nitrogen users after 18 weeks of incubation at all fungicide concentrations used. The stimulatory effect was also observed after two weeks of incubation at the concentrations 0.0228, 0.0913 and 0.1827 mg/g of fungicide. Compared to the control, the maximum increment percentage (3577.8%) in the numbers of organic nitrogen users was observed after two weeks of incubation in soil treated with fungicide at 0.0913 mg/g (Fig. 1c) . The increment percentage in the numbers of organic nitrogen users reached a maximum value of 16734X10 8 compared to the control ( 455X10 8 ) cells/g of soil.
All fungicide treated soils showed inhibitory effect at different incubation periods in the range of 7% up to 100%. After four weeks of incubation all fungicide concentrations showed a strong inhibitory effect on organic nitrogen users. The maximum inhibition percentage (100%) was observed in soil treated with fungicide at 0.0457 mg/g and 0.0913 mg fungicide/g soil after eight and 13 weeks of incubation respectively ( Fig. 1b and 1c ). In general, Thiram have a fluctuating effect on the growth of organic nitrogen using bacteria up to 13 weeks of incubation after which a steady increase in the numbers of these organisms was observed. This was found to coincide with the lack of the fungicide residue in soil. Osman et al. (1999) found that Amistar fungicide did not render a conspicuous effect on organic nitrogen users, while Suleman (1983) reported that, Simazine and Atrazine herbicides inhibited the growth of organic nitrogen users. Ekundayo (2002) found that Thiram depressed soil bacterial population by two orders of magnitude, while Mohamed (2009) reported a fluctuating effect of oxyfluorfen herbicide on the number of organic nitrogen using bacteria with maximum inhibition and increment percentages of 65.2 and 93.3%, respectively when compared to controls. Thiram concentrations of 0.0913 and 0.4567 mg fungicide/g soil have inhibited the growth of fungi during the incubation period (18 weeks). In soil treated with the fungicide at 0.0228 mg fungicide/g soil the number of fungi increased by 90.71% after 10 weeks of incubation (fig 2a) . However, in soils treated with 0.0457 and 0.1827 mg fungicide/g soil the total number of fungi increased by 441.67% and 93.75% respectively after eight weeks of incubation (fig 2b  and 2d) . The highest percentage of inhibition (98.51%) was observed at 0.0913 mg fungicide/g soil after 18 weeks of incubation (fig 2c) . Soil fungi were the most affected by the addition of the fungicide Thiram compared with other major groups of soil microbes. Houseworth and Tweedy (1973) , found that Captan and Thiram caused an initial decrease in the fungal populations but after l08 days of incubation the populations returned to levels comparable to those found in untreated soils. They also reported that Thiram did not persist long enough to keep the fungal populations suppressed longer than about 16 days. Abdel Mallek et al. (1992 Mallek et al. ( , 1997 found that Benlate and Captan inhibited the growth and spore formation of five species of fungi. Osman et al. (1999) found that Amistar fungicide inhibited the growth of fungi at different concentrations for up to 150 days. Ekundayo (2002) found that Thiram depressed the fungal population by one order of magnitude. Roberti et al. (2006) reported that mycelial growth and conidial germination of different Trichoderma species had a broad range of sensitivity to Thiram. Mohamed (2009) reported a fluctuating effect of herbicide Oxyfluorfen on soil fungal populations. Table 1 shows the effect of Thiram on the growth of inorganic nitrogen using bacteria and actinomycetes. It is clear that after 4 and 10 weeks of incubation, Thiram decreased the total number of inorganic nitrogen users at all concentrations tested. The maximum inhibition percentage (96.80%) was observed at the fungicide concentration of 0.4567 mg/g after two weeks of incubation. After 18 weeks, the greatest stimulatory effect on the growth of inorganic nitrogen users was observed at 0.0228 mg fungicide/g soil as reflected by the number of inorganic nitrogen users of 2413X10 6 while for the control was 500X10 6 cells/g of soil.
Effect of Thiram on
Effect of Thiram on Inorganic Nitrogen using Bacteria and Actinomycetes:
After 2, 8, 10 and 13 weeks of incubation Thiram showed a strong inhibitory effect on the total number of actinomycetes at all tested concentrations of the fungicide. The highest inhibition percentage (98.53%) was observed at 0.0913 mg fungicide/g soil after 10 weeks of incubation. Increment percentages of actinomycetes populations of 250, 33.33 and 16.67% were observed at the fungicide concentrations of 0.0228, 0.0457 and 0.0913 mg fungicide/g soil respectively after four weeks of incubation. We can generally conclude that Thiram have negatively affected the growth of inorganic nitrogen using bacteria and actinomycetes.
It was reported that the inhibitory effect of pesticides on the growth of bacteria and actinomycetes was high at high temperatures (Klinsari, 1983) . Ekundayo (2002) reported that Thiram was most toxic to protozoa, bacteria and fungi but did not affect actinomycetes. Osman (2006) reported the stimulatory effect of the fungicide Azoxystrobin on the growth of actinomycetes, whereas no significant effect was observed on inorganic nitrogen using bacteria. Elsaid and Abdelbagi (2010) found that bacteria and actinomycetes which lives in poor media was higher in soils of cotton field followed by soil of pesticide stores and less in soils of residential areas . Mohamed (2009) reported a fluctuating effect of goal on the numbers of actinomycetes in soils incubated at 28° C. Table 2 , application of Thiram increased the total number of all microorganisms capable of growing on poor media (Nitrate agar) at all concentrations tested after 2, 4, 8, 10 and 18 weeks of incubation. The maximum increment percentage (464.07%) was observed at 0.1827 mg/g soil after four weeks of incubation. A strong stimulatory effect on the growth of the same microorganisms was also observed at Thiram concentrations of 0.0913 mg/g soil and 0.0228 mg/g after 8 and 18 weeks, respectively. The increments were 309. 31% and 152.19% Increments in the numbers of Arthrobacter were observed at different fungicide concentrations and different incubation periods. The maximum increment percentage (5312%) was observed after eight weeks of incubation at 0.0913 mg/g soil. The number of Arthrobacter was 5116.70X10 6 and that for the control was 96.315X10 6 cell/g soil. Inhibition in the numbers of the genus Arthrobacter after 2, 4, 8, 10, 13 and 18 weeks of incubation were observed as a result of Thiram application. Maximum inhibition percentage (100%) was observed at some Thiram concentrations after 4, 8, 10 and 18 weeks of incubation and a total inhibitory effect was observed after four weeks of incubation at all Thiram tested concentrations.
Effect of Thiram on Soil Microorganisms Capable of Growing on Poor Medium: As shown in
Inhibition in the numbers of the genus Nocardia was observed after two weeks of incubation. Absence of Nocardia at all tested concentrations and in the controls was observed after four and eight weeks of incubation, while a stimulatory effect was observed after 10, 13 and 18 weeks at different Thiram concentrations. A strong stimulatory effect on the growth of Nocardia was observed at Thiram concentrations of 0.0228 and 0.1827 mg/g soil respectively after 10 weeks of incubation, the number was 722.35X10 6 and that for the control was zero.
A Stimulatory effect on the growth of Bactoderma was observed after 2 and 13 weeks of incubation at Thiram concentrations of 0.0228 and 0.0457mg/g soil. Maximum growth increment was recorded at Thiram concentration of 0.0457 mg/g soil after 13 weeks of incubation. Bactoderma count was 120.4X10 6 cells/g soil and that for the control was zero. Bactoderma colonies were not observed neither at Thiram concentrations of 0.0913 and 0.4567 mg/g nor in the control. Osman et al. (2005) studied the effect of Azoxystrobin fungicide on soil microorganisms capable of growing on poor media at 40° C and reported that, the fungicide stimulated the growth of Arthrobacter, Mycobacterium and Nocardia. Ali et al., (2008) found that Mycobacterium and Bactoderma were known to have better adaptability to highly polluted soils. They also found that addition of Endosulfan and lindane insecticides to the growth media (MPA, SAA and NA) resulted in an increase in the counts of all microorganisms. Moreover, the growth of Micromonospora was found to be associated with the application of the insecticide endosulfan β. Elsaid et al. (2009) found that application of endosulfan insecticide and urea + phosphate fertilizers increased the number of Mycobacterium, Micromonospora, Arthrobacter, Nocardia and Bactoderma in soils after 45 days of incubation. He also related the increments in the level of this group in store soil to the increments in the counts of Mycobacterium and Bactoderma. Mohamed (2009) found that Mycobacterium species were absolutely dominant in comparison with other soil microorganisms capable of growing on poor media (Nitrate Agar).
Biodegradation of Thiram in Soil :
Results obtained for biodegradation of Thiram in soil demonstrated that 41% of the fungicide was degraded after two weeks of incubation while 90% was degraded after four weeks of incubation. Maximum degradation percentage (97.36%) was recorded after eight weeks of incubation (Fig 3) . Results obtained also indicate that degradation rates were inversely proportional to concentration. At Thiram concentration of 0.0228 mg/g soil, degradation rates after four and eight weeks of incubation were approximately 16.2 and 100%, respectively. Shirkot and Gupta (1985) reported that the degradation yields of 85 and 50% for Thiram concentrations of 100 and 2500 ppm respectively after 24 days incubation. They also concluded that degradation yields of Thiram in soil inversely proportional to concentration. Richardson (1954) reported that more than 95% of the TMTD was completely converted to metabolites by soil microorganisms after 55 days of incubation. Kawasaki (1980) reported 30% Thiram degradation when 100 ppm of Thiram was inoculated with activated sludge (30 ppm) at 25°C and pH 7.0 for two weeks. Osman (2006) reported that fungicide azoxystrobin was degraded slowly and existed in the soil up to five months of incubation.
Half life of Thiram in Soil:
The half -life of Thiram in soil at 25°C, pH 7.8, determined in this study is 10 days. The soil half-life for Thiram was reported as 15 days (Wauchope et al., 1992) . Ordelman (1993) reported that Thiram is hydrolyzed with a half life of 4 days at pH 5.7, 47 days at pH 7 and 140 days at pH 8.
